The purpose of the work is the realization of a composite material with long glass fibers having better characteristic than a fiber random composite, to permit the reduction of weight and costs to shipyards for pleasure craft. Structural optimization is performed by ANSYS for the choice of the layers disposition to obtain the maximum stiffness with minimum material employment, saving weight. The study is centered on the research of the better configurations of plies packing in relation of pure shear stress for four different plies. Unidirectional plies, both symmetric orthotropic and symmetric non-orthotropic ones, are realized successively by the vacuum bag technique. Experimental tests of traction, bending, inter laminar shear and pure shear are executed to characterize the three different type of material. Experimental results are compared to ones obtained numerically to validate the procedures; the comparison with the analytical results permitted to attribute an adequate value to shape factor of the fibers. In all the cases the optimization permitted the construction of much more resistant plies than random ones, with a lower thickness.
Introduction
This work takes rise on a previous work [1] for the characterization of a random composite in use in the naval industry. The shipyard for pleasure craft achieves the parts in composite material in order to obtain the best compromise of strength, stiffness, weight and cost of the structures with the purpose to achieve performances that cannot be obtained by traditional materials. In general the shipyards do not put great attention in the building of fiber glass laminated, that is they do not consider the possibility of obtaining more strength laminates to several solicitations characteristics, simply disposing the strength fibers in an adequate direction. The study of the typology of the plies and their correct arrangement is finalized to the obtaining of the maximum strength with the minimum employment of material, assuring a greater mobility and a lower energy request for the boat motion [8, 9] . The purpose of the paper is the realization of a composite material with long fibers having better general characteristics than a random composite material having normal use in the naval industry. The developed work is summarized in the following points:
• Initial material: composite with random glass fibers supplied by a boat manufacturer [1] . In this paper the existing rules for materials with unidirectional fibers are applied in all cases to specimens dimension and to the procedure of test execution [2] [3] [4] [5] . The experimental tests are conduced on a Hounsfield test machine, equipped with a load cell of 20 kN. The plies are realized with 8 layers in composite material, to reach the thickness in the rule range (2-3 mm).
• Characterization of the random laminate • Optimization by ANSYS, to choose the ply disposition to obtain the maximum stiffness with the minimum material employment. In particular the study is centered on the research of the best configuration of the ply packing for four different laminates shown in Table 3 besides the program is instructed to choose layers of the same thickness in order to avoid problems of construction.
• Realization of unidirectional, Symmetric Orthotropic (SO) and Symmetric Non-Orthotropic (SNO) plies by the technique of the vacuum bag. Fiber orientation obtained by numerical optimization is adopted for each configuration.
• Experimental tests of traction, bending, pure shear and inter-laminar shear to characterize the three types of material, following the above rules and using the above test machine.
• Comparison of the experimental results with those obtained by numerical and analytical analysis to validate the procedure.
Preliminary analysis
It consists in the characterization of random panels; Table 1 shows the more significant data obtained by a series of tests on random plies and theoretically estimated. The comparison with the correspondent results on composites FRP permits the evaluation of the advantages obtained using the structural optimization, exploiting the strongly directional mechanical properties: in fact varying the fiber orientation one can obtain plies having the desired overall behavior. 
Structural optimization
The structural optimization [6] is an analyticalnumerical procedure that gives the best configuration of a component performing specific functions required by the designer. The purpose of the optimization is the determination of the direction of the fibers in plies with unidirectional long fibers of glass and polyester resin constituted by 8 layers and subjected to pure shear, in order to reduce the thickness compared to plies constituted by random fibers having equal stiffness. The optimization was executed by Numerical FEM analysis by ANSYS. In the first approximation the model of the random specimen was reproduced [1] and the shear test was executed by the method "Three Rail Shear Test" [5] . A plane model was realized, meshing by "solid" elements named "Plane42" with four nodes. Mechanical and physical material properties are defined with the plies thickness, having linear elastic orthotropic behavior; the elastic characteristics shown in Table 1 are used as input.
A half structure only is meshed due to the geometrical symmetry of load and constraint (Fig. 1a) . The specimen is constrained in correspondence of the holes in the left and right side by bolts; the holes on the central part are useful to apply the loads. The numerical analysis allows to obtain the strain in the zones indicated by the dark points in Fig. 1b . The displacements of the points 1, 2, 3, 4 constitute the state variables for the stiffness optimization of the directional composite. Table 2 shows the variables and the objective function for the numerical optimization of the long fibers composite. In other words the optimization procedure consists of the minimization of the displacement value in the four points 1, 2, 3, 4 (Fig. 1b) , under a load 5000 N.
Figures 2a and b show respectively the deformed specimen and the stress τ xy ; the stress has a little variation in a large central zone, subjected to quasi-pure shear.
Analysis and numerical calculation
Modeling of composite materials requires the choice of the more suitable element, the definition of the configuration, of the plies orientation, etc. The numerical problem is approached fixing some main points:
1. Initialization of the analysis, introducing the necessary optimization variables.
